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Abstract 
This thesis is about “Technoeconomic assessment of waste to energy production. 
Study cases Rhodes, Kos, Kalymnos and Lipsi.” The purpose of the assignment is to 
techno-economically assess a potential route for valorizing solid waste in the island 
regions with a construction of a CHP plant in Rhodes, which are remote areas quite 
often encumbered by transportation difficulties. Therefore, there is an urgency to 
minimize waste production and use it in order to produce heat and power from waste 
(cogeneration). Having referred to different waste treating management methods, the 
most suitable and effective is incineration with a Fluidized bed boiler. Furthermore, 
this new renewable system will not only benefit the environment by creating less CO2 
emissions, landscape disruption and general pollution (soil and water), but it will also 
improve life quality and create new jobs. I obtained information for the purpose of the 
study, which is waste to energy production, from the MSW of Kos, Kalymnos and 
Lipsi taking into account real economic data that supports a cost efficient and 
affordable project. 
The dissertation includes six main chapters, the first of which is the introduction 
regarding treating methods of MSW, particularly which method is the most 
environmentally and socially suitable. The second chapter deals with the current 
situation of waste management in Greece and in Europe and which treatment method 
is the most compatible with the thesis, taking into consideration the relevant EU 
legislation. The third chapter is the preview to understand and learn about the (CHP) 
Combined Heat and Power technology and the methods that we can use in order to 
treat the (MSW) Municipal Solid Waste,  as well as, which method is the most 
efficient, has better operating availability, and generates power and better steam 
turbine technology. The fourth chapter is about the case studies selected, regarding 
four Dodecanese islands Rhodes, Kos, Kalymnos, Lipsi and referring to their physical 
and chemical characteristics of MSW and the treating method used. Following, is a 
technoeconomic analysis of the waste to energy in order to be useful for remote 
islands to produce their own energy from MSW with the specific technology 
mentioned in a previous chapter. 
The last chapter pertains to the overall conclusion and the results of the research 
determining the feasibility of its implementation. 
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1 Introduction 
Harnessing energy is one of the most noteworthy accomplishments of the history of 
human evolution. Without this development many great inventions would not have 
been created. Energy plays an important role and improves our everyday life. Because 
of the major increase of population, energy demand is experiencing an upward trend, 
so scientists are trying to find the best and most environmentally friendly way to meet 
the high demand. Energy sources can be categorized as renewable and nonrenewable. 
Renewable and nonrenewable energy sources can be used as primary energy sources 
to produce useful energy such as heat or they can be used to produce secondary 
energy sources such as electricity. [1] 
The most common nonrenewable energy sources are fossil fuels such as coal, 
petroleum and natural gas. As we already know, they are not easily replenishable and 
their extraction is a difficult and very expensive procedure. Coal reserves are 
currently sufficient, but no one can confidently say what will happen tomorrow. Apart 
from that, Greece imports natural gas and oil, so it is a country which depends on 
others. This heightens the need to find new ways to cover the demand. Their sources 
are limited and they are depleting at a faster rate. Fossil fuels are also responsible for 
greenhouse gas emissions, pollution of the environment, landscape disruption, aquatic 
degradation and multiple effects on human health. [2]  
 On the other hand, renewable energy sources (RES) are easily replenished. They are 
equally effective and in some cases more environmentally friendly. The disadvantage 
is that some are intermittent so they cannot store energy yet. Some of the most usual 
forms of renewable energy sources (RES) are solar, geothermal, wind, hydropower 
and biomass. To begin with, biomass is the most sustainable and renewable fuel that 
is developed from organic materials such as scrap lumber, forest debris, certain crops, 
manure, silage and some types of waste residues from Municipal Solid Waste (MSW). 
Huge progress has been made in this field and the goal is to produce energy from 
second generation fuel in order to reduce the volume of waste. [3] 
Many contemporary similarities have been noted regarding the ineffective 
management of solid waste since the early days of human history.[4]  The ancients 
faced the same four basic means of dealing with trash as we have today such as 
dumping, burning, recycling and waste minimization.[5] We distinguish the 
categorization of waste in three different periods of time. In the beginning of human 
history around pre-industrial times, solid waste was made up of ash, wood, bones, 
bodies and vegetable waste. All kinds of waste were left on the ground, so natural 
composting took place. Archeologists concluded that people reused and recycled most 
of the materials so tiny amounts of broken tools and pottery were found. 
Archeological excavations showed that the garbage which fell on the floor was not 
taken away but was covered with clay so the elevation of the floor increased. [6] From 
the remains of Troy, scientists concluded that the elevation used to increase 5 feet per 
century. Some archeological projects considered that some cultures were more 
wasteful than others. Furthermore, almost all ancient cities had a sewage system that 
treated human waste properly. The most advanced cesspools and dumps were found 
in Rome, Athens and Crete. When the industrial revolution began and people 
abandoned villages, cities became more crowded creating many problems. Hence, 
there was less space to dispose waste, so people started throwing garbage and human 
waste on streets. Many animals such as dogs, cats, mice and rats would eat the 
garbage and leave their excerta on streets and next to water pipelines. Because of poor 
sanitation systems, a tremendous pandemia of cholera, the bubonic plague and 
typhoid fever broke out. Around 60% of the population of Western Europe and North 
Africa perished. [7] 
After the widespread disease whoever survived left the city and went to the 
countryside, leaving the poor behind in impoverished and decrepit parishes. All the 
animals were killed in order to eliminate the spreading of the contagion and all the 
rotting garbage were burned. Suppliers of countless remedies thrived, doctors and 
surgeons cleaved buboes and bled black spots trying to cure plague victims by 
releasing bad bodily humors. 
Plague Orders, first issued by the Privy Council in 1578, were still effective in 1665. 
[8] 
 Municipal solid waste (MSW) has always been an urban phenomenon. In rural 
communities life is still simpler and more natural. [9] People have their own cattle, 
vegetables and fruits. So there is less packaging consumption, they use cloth bags for 
the transportation of food. There is also almost zero food waste because it may be 
composted or given to animals as food. Manufacturing procedures are at extremely 
low levels. City residents generate twice as more waste as their rural counterparts. 
Hence, consumption in cities is predominant and there is practically zero production. 
This means that city dwellers have to be more affluent in order to consume more. 
There is an exception with the island regions as they exhibit the highest per capita 
rates of waste generation because of the tourism industry. There is a major difference 
between rich and poor countries in waste composition. To be more precise, when a 
country is rich it generates more packaging, imports, electronic waste, broken toys, 
plastic and appliances. [10] 
Income level is highly correlated to waste generation. The wealth of a country can be 
measured, for instance, by how many mobile phones are discarded. 
The forecasted scenarios are quite alarming for future global waste generation. The 
reports for 2012 claim that waste generation is around 3.5 million tons/day, for 2025 it 
will become 6 million tons/ day. Peak waste will not occur this century but trends are 
ominous and the OECD countries will reach their peak in around 2050. [11] 
The tables below depict the current waste generation per capita by region, current data 
for urban waste generation, the forecasted scenario for 2025, the current waste 
generation per capita by income level and the average MSW generation rates by 
income level. 
From the table 1 below the results reveal that the higher the income level the more 
generation of MSW there is. 
 
Table 1: Waste generation kg per capita per region. 
(Source: statistics for OECD countries 2013)
Table 2 : Current data for urban waste generation and the forecasted scenario for 2025. 
 
(Source: What a waste, A Global Review of Solid Waste Management) 
 
From Table 2 above, one can conclude that the current data is not correlated to the 
forecasted projections. There is an upward trend in rural and urban population and the 
total amount of solid waste will have a sharp rise in all regions. 
 
Table 3: The current waste generation per capita by income level and the average MSW 
generation rates by income level. 
 
 (Source: Global Review of Solid Waste Management) 
 
It is broadly known that the income level is highly correlated with the MSW 
generation. As far as, the table 3 is illustrated that the lower the income level the 
lower the waste generation per capita per day as income level rise the waste 
generation rise as well. 
As Municipal Solid Waste is surging, its impact on air, land and water pollution has 
an immense effect on humans. In 2017 there still are many different ways of waste 
management regarding the handling of garbage which is incineration, recycling, 
landfilling, composting, and anaerobic digestion.  To this day, many illegal dumps 
exist. However, either due to a crunch of resources, inefficient infrastructure, absence 
of personnel or lack of knowledge of how serious the problem is, waste sometimes is 
not collected  or does not arrive at its final destination. [12] 
As is depicted in the table 4 below, the average composition of waste is the following. 
Table 4: MSW composition. 
 
(Source: Laurent Bontoux, Waste and its Impact on Waste Management in Europe, March 1999). 
 
To begin with, in Europe garbage is incinerated and in the USA it is landfilled 
because they have plenty of space. In the first case they collect the methane and use it 
to produce energy and in the second case, due to leachate, many toxics flow into to 
the water table and contaminate it.[13] 
There is also a huge problem with untreated liquid waste such as waste water, excerta 
and household waste. That kind of waste is the first source of infections and the 
obnoxious odors from decomposition appeals to rodents and insects. These animals 
infect people and food. This will lead to enormous health problems.[14] 
 The unattended exposure of hazardous waste can affect human health in particular. 
[15] Hazardous waste can be found in gaseous, liquid or solid form. They are divided 
into four categories which are ignitability, corrosivity, reactivity, toxicity. Some 
examples are organics (pesticides, PCBs, dioxins) and metals (mercury, arsenic, lead, 
zinc, cadmium, PVC, beryllium, hexavalent chromium). [16] 
 People at high risk are those who are exposed to Municipal Solid Waste, toxic 
metals, organic household waste, waste disposals, industries and agricultural disposal 
in their daily lives, for instance, waste workers, populations living next to landfills, 
elderly persons and toddlers. [17] 
The most common diseases that come from waste collection are respiratory problems, 
irritation of skin, nose, eyes, gastrointestinal problems, nausea,  psychological 
disorders, allergies, intestinal infections, poisoning from chemicals, cancer, vomiting, 
neurological disease, mercury toxicity from eating fish with mercury, sometimes 
resulting in death (source UNEP report 1996).[18] 
 
 
Table 5: Chemical composition of landfill constituents. 
 
 
Source :( Lewis Publishers, Constructed Wetlands for wastewater treatment, 1989) 
 
Waste to energy (WtE) is a treating method of waste procedure which produces energy. 
These processes can be used to handle all kinds of waste from the semi-solid to 
domestic sewage and refinery waste. [19] the most well known application is MSW 
(Eurostat 2013). It comes next after the categorization which depicts the potential 
treating methods that can be used in order to obtain energy from waste. [20] To begin 
with, thermo-chemical conversion depends on the choice of fuel offered based on the 
content of the waste used and burned at high temperatures. 
 The four basic means of waste management are incineration, co-combustion, residual 
derived fuel plant and thermal gasification. [21]The most common application is 
incineration which produces combined heat and power in a plant.(CHP)(World energy 
council 2013). However, another method is bio-chemical conversion; waste can be 
decomposed into energy rich fuels and used in different methods. The methods are 
bioethanol production, dark fermentation, and photo fermentation producing 
biohydrogen, biogas production from anaerobic digestion or landfills and microbial fuel 
cell.  
After the conduction of an LCA (Life Cycle Analysis) on biomass and coal efficiency 
[22], and comparing cradle to grave emissions, energy use and resource consumption, 
the results are the following. Firstly, both coal and biomass have CO2 as an emission. 
Biomass has less CO2 emissions than coal. Overall, the biomass system emits only 46 
g/kWh of net electricity produced versus 741 - 1,022 g/kWh for the three coal cases. 
The energy results show that the biomass system creates a notably higher amount of 
electricity per unit of fossil energy consumption than the coal system. The net energy 
ratio for the biomass system is 16 as opposed to 0.3- 0.4 for the three coal cases. 
(National renewable energy laboratory) So, biomass is cleaner than coal and produces 
more energy. But there always remains the agricultural controversy concerning the 
fact that it is a feedstock. 
The best performing countries in waste management are Poland with 314 kg/capita 
generated waste and 25% recycled, Estonia that generates 279 kg/capita and recycles 
40%, Slovakia with 324kg/capita and recycles the 13%, Germany recycles 65% and 
generates 611 kg/capita , South Korea, Austria, Belgium, Slovenia, Sweden and 
Switzerland have overall recycling rates of 50%.( Global citizen) [24] 
The worst performing places in recycling are New York, Chile and Mexico City with 
illegal dumps. Over 12 million tons of waste per year is found in Tokyo, Los Angeles, 
Mumbai, Istanbul, Jakarta and Cairo with landfills. In addition, Cairo has a rubbish 
village in its territory. Around 1% of waste is recycled in Chile and Istanbul. [25] 
As far as the incineration treatment method, Sweden is the role model, for Europe. 
[23] It recycles half of the waste and the rest goes to energy generation. Less than 1% 
goes to landfills. It also has the most revolutionary system because not only is it a 
pioneer in recycling and energy generation but it also imports rubbish from other 
European countries. Britain had attempted to reach an EU target of 50% on recycling 
by 2020, before Brexit. 
The statistics of last year illustrate that best performing countries in waste treatment 
are Estonia, Slovenia and Belgium. [24] 
The fact is that not only do they recycle and compost their garbage, but they also have 
a low level of MSW. Hence, less garbage per person, so this means less garbage for 
incineration and land filling.  
The table below shows the generation of MSW per person per country and the overall 
treatment of recycling, composting, land filling, and incineration on percentage. To be 
more exact the best performing countries are Estonia and Slovenia 167.4 kg/person 
and 191.86 kg/person each. The worst performing countries are Malta 
512.43kg/person and Cyprus 523.77 kg/person. 
 
Table 6: Total municipal waste treated/generated/person/country. 
 
(Source: Eurostat 2012) 
 
According to the EU Parliament since 17
th
 June 2008 some European countries such 
as Switzerland, Sweden, Denmark, Germany, France, Belgium and Netherlands took 
into account the (WtE) Waste to energy as an energy recovery operation. According 
the new EU directive 2008/98, it simply states that when the waste stops being waste, 
it changes into a secondary raw material (so called end-of-waste criteria), and how to 
differentiate between waste and by-products. This will be analyzed extensively further 
on. [26] 
That kind of technology is considered an environmentally friendly and efficient 
solution for waste management. 
In 2009 some announcements were made from the association of European Waste to 
energy plants. Around 70 million tons of MSW were collected and dispatched to WtE 
facilities all around Europe. The generation of electricity was 28 billion Kwh and the 
heat production of 70 billion Kwh. The calculations specify that 7 to 38 million tons 
of fossil fuels (gas, oil, coal) were replaced from waste. [27] 
 Unfortunately, in Greece municipalities still landfill or dump the trash. With the 
substitution of fossil fuels, they could produce adequate amounts of energy. 
 
2 Municipal Waste 
2.1.1  Municipal waste definition 
The term “waste” illustrates everyday items that we use and in the end of their use are 
discarded. 
Municipal Solid Waste (MSW) are all types of waste solid or liquid that is generated 
from households, industries and commercial establishments and collected by 
governmental or private bodies. The amount and the composition of waste depend on 
the well-built recycling system of a society. [28] 
2.1.2 Municipal Solid Waste 
An important part of this process is classifying Municipal solid waste (MSW) into 
inorganic solid waste (ISW) and organic solid waste (OSW). To be more precise, 
inorganic solid waste is non-biodegradable waste that needs a long time to 
disintegrate. Examples of waste from inorganic waste are: pieces / plates of metal, 
various kinds of stones, glass shards, bones, tin cans, bottles, and others. Organic 
waste is the biodegradable substance, the decomposition of which takes place faster 
with natural process. Some examples are: food waste, trimmings, straw, wood, paper, 
paperboards, leaves, waste paper and twigs. 
 
(Source: Hoomweg 2005) 
Chart 1: The percentage composition of waste organic/inorganic 
From the chart above, we observe that the highest amount of waste are the organics 
that can be treated more easily by composting the wet organic food waste mainly and 
the rest, paper, wood, trimming can be used as a fuel for the incineration procedure. 
[29] 
Solid wastes can be classified into three considerable categories such as Municipal 
solid waste (MSW), construction waste and special waste. The first category is 
divided into three major classes of waste, which are domestic waste, commercial 
waste and industrial waste. Firstly, domestic waste is household leftovers, all kinds of 
public institution rubbish and public cleansing. [30] Secondly, commercial waste is 
waste from wholesale and retail stores, restaurants, hotels and warehouses. Thirdly, 
industrial waste is created by manufacturing processes and industrial operations. 
Fourthly, a very important category is construction and demolition waste. It mainly 
consists of stones, bricks, concrete, plumbing and roofing materials. Lastly, but very 
crucially, because it consists of different kinds of waste such as clinical waste, 
chemical waste, slaughterhouse waste, grease waste, livestock waste and sewage 
treatment waste. The figure below illustrates a more detailed classification. [31][32] 
 
(Source: Harden 2010) 
Figure 1: Classification of Solid Waste.  
 
 
 
 
2.1.3 Municipal Liquid Waste (MLW) 
Municipal Liquid Waste (MLW) is any water that has been changed from its original 
condition to non clean water from anthropogenic non proper treatment. Wastewater 
comes from domestic, industrial, commercial and agricultural activities. [33] 
 Domestic waste water is often called sewage and includes excerta, urine and laundry 
waste. The untreated sewage is a crucial issue because it contaminates the underwater 
flow and causes diseases. That problem is enlarged especially in developing countries 
where there is lack of access to sanitary conditions and clean water. On the other 
hand, in developed countries sewage is flushed away through a hygiene system with 
pipelines. Hence, waste is often disposed into the sea where it decomposes. 
 Industrial waste is produced from factories, industries, mills and mining operations. 
Some examples of industrial waste are chemical waste, toxic waste, radioactive waste 
and metals. They are not biodegradable and they cause water and soil pollution. 
 Commercial waste water is the same as domestic, but with no laundry waste.  
 Agricultural waste water is produced from agricultural and farming activities. Some 
examples that contaminate the surface runoff are chemicals in fertilizers, pesticides, 
and manure and animal carcasses. They cause aquatic disruption, soil erosion, human 
and animal diseases. 
2.2 Municipal Waste Treatment  
Due to the high presence of pollutants on the air, soil and water European Union (EU) 
introduced a policy to secure water treatment and water quality. More specifically, the 
Water Framework Directive (Directive 2000/60/EEC). [34] Furthermore, treating 
waste as a resource will benefit all E U countries both financially and socially. 
Furthermore, the EU has introduced a waste policy, specifically the Waste Framework 
Directive [35] (Directive 2008/98/EEC) which coined a new term “Waste Hierarchy”. 
[36] The goal is to minimize waste, reuse, recycle, recover and dispose it or as a last 
resort to landfill. 
 
 
 
2.2.1 Municipal Solid Waste Treatment  
The basic priorities are setted by the Waste Framework Directive. The goal of that 
movement is to change the behavior of people and educate them, reduce waste 
production, learn to reuse, recycle and separate materials, sorting at the source. The 
final goal is energy recovery and the least preferable option is to landfill waste.  
Waste hierarchy is the above pioneer concept which includes all the basic steps for the 
fulfillment of the waste management. Below there is the illustration of “waste 
hierarchy” Figure 2:  
Other crucial terms which are introduced by the Directive are the “polluter pays 
principle” and the “extended producer responsibility”. 
Polluter pays principle [37] 
This principle is enforced by the European Union and the goal is to prevent and 
remedy environmental damage. More specifically, the costs of waste management 
shall be defrayed to the waste producer or by the current or previous waste holders. 
Extended producer responsibility [38] 
EU is trying to reinforce reuse, recycle and other recovery methods of treating waste. 
 
 (Source: Bon ami Company) 
Figure 2: Waste hierarchy.  
Avoidance and reduction 
The most important priority is the minimization of waste production. That should be 
analyzed for the whole life cycle of a product. From the construction process, the 
amount of extracted used material should be eliminated and the life time of a product 
should be extended. 
Reuse 
Reuse process is also a very important step in the reduction of waste because all the 
materials that are re-usable and refilled do not end up in the garbage; they can be 
reproduced for use again. Thus a reduction of energy and materials usage is achieved.  
Recycling  
Recycling is a process of discarded waste materials that are sorted in the right garbage 
bin and can be reused or become other things. Due to the fact that recycling treats 
organic waste, which is composted, it does not generate waste.  
Energy recovery [39] [40] 
Energy recovery from waste is the process from which non-recyclable waste materials 
produce heat, power or fuels. There are plenty advantages with this new renewable 
energy source such as the reduction of CO2 emissions by using less fossil fuels. Less 
waste is disposed into landfills, so there is less methane generation from landfills.  
Biomass from waste can be used in order to produce energy such as heating, cooling, 
electricity either way with direct combustion or converted into gas, liquid or fossil 
fuel via a thermo chemical or biochemical process. 
Thermo chemical conversion  
Incineration/combustion 
Gasification 
Pyrolysis 
Bio chemical conversion  
Anaerobic digestion  
LFG landfill gas 
 
Disposal/Landfilling   
The final stage and the least desirable one, is the disposal of waste residues in the 
landfills. With the process of waste hierarchy, there is not much left over, it is non-
toxic with fewer impacts. 
Municipal wastewater treatment 
Municipal wastewater treatment consists of four treatment methods. The treating 
methods are preliminary, primary, secondary and tertiary. The latter of which is the 
more advanced treatment method. It takes place in the exact location in order to 
protect health or environmental quality. Figure 3 below depicts the four main 
categories of wastewater treatment. [41] [42] 
 
 
 
Figure 3: Classification of wastewater treatment. 
 
 Preliminary treatment 
During the process of preliminary wastewater treatment grits and screening are 
removed. This process includes the separation of heavy inorganics and coarse solids 
from wastewater in order not to impede the treatment process. The residues from 
preliminary wastewater treatment screenings and grit are formed as sludge and are 
disposed in landfills. 
 
 Primary treatment 
Primary wastewater treatment encompasses sedimentation in order to eliminate 
settleable solids. Also, primary effluent and primary wastewater treatment are mostly 
disgorgement on the surface water where the dilution process takes place. The 
primary unit consists of biological treatment via anaerobic digestion process. Gases 
that are generated are methane; around 60% is suitable as an energy recovery source. 
The residues are taken away and included in primary sludge. 
 Secondary treatment  
With the assistance of the biological treatment process, secondary wastewater 
treatment takes place. In order to accomplish the process, microorganisms are adhered 
to ponds channels in order to remove biodegradable organic material. Some of the 
organic materials are oxidized by the microorganisms in order to produce carbon 
dioxide that generates energy so materials and heavy metals provide energy to 
microorganisms.  
 Tertiary treatment  
Tertiary wastewater process is responsible for the remaining components (suspended 
solids, heavy metals) that are not removed through secondary process. The tertiary 
process is the primary and the secondary process together or an attempt to replace the 
secondary. Finally, the disinfection of the sludge occurs with chlorine solution and 
then the sludge is disposed of in landfills. [43] [44] 
 Figure 4 below shows in details the wastewater treatment process. 
 
             (Source: Leonard G.) 
Figure 4: Wastewater Treatment Process. 
 
 
2.3  Municipal Waste in Europe and Greece  
Since the beginning of the seventies, many drastic changes have been proposed 
concerning Municipal waste management in European countries, more specifically, 
from illegal dumps to incineration and energy recovery as well as reduction at source, 
sorting and recycling. Displayed in Figure 5 below as stated in Eurostat’s data, is the 
Municipal waste generated by country (kg per capita) from 2005 to 2015. [45] [46] 
 
(Source: Eurostat 2015) 
Figure 5: Municipal waste generated by country in 2005 and 2015, sorted by 2015 level 
(kg/capita). 
 
As illustrated in Figure 5, there is a notable fluctuation in the amount of waste 
generation between the countries. To be more precise, Switzerland generated waste 
production 680 kg/capita while in Slovenia is 490 kg/capita for the same year period. 
The fluctuations between the countries mainly exist because of different consumption 
habits and economic growth, but it also depends on how municipal waste is collected 
and managed. There are numerous explanations as to why there are such fluctuations 
regarding the different composition of municipal waste between the countries. For 
instance, some countries include only waste from households while others include all 
kinds of waste from all activities. Besides, countries with high vegetation have a 
higher waste content in its municipal waste than others. [47] 
Additionally, the collecting and managing system also varies from place to place, so 
some countries may include separately packaged waste from households, in contrast 
to other countries which do not. 
According to Figure 5, there is a growing trend in municipal waste production in all 
the countries from 2005 to 2015. [48] Greece has a steady rise from 2005 to 2010 and 
after the economic crisis the numbers went down again. The variation in waste 
generation from 2005 till 2015 is due to the increase of population, to prosperous 
living in most of the countries which yields to overconsumption. Another reason may 
be the different waste management methods.  
 
 
                                      Table 7: Categorization of municipal waste. 
Municipal Solid Waste (MSW) Municipal Liquid Waste 
(MLW) 
Composition 
 
 
LHV 
(kcal/kg) 
 
Energy 
(kcal/10
0 kg 
MSW) 
 
HV 
Organics  40% 1,100 53,900   
Paper/Cartons 30% 3,960 79,300 3,300 kcal/kg 
Plastics 14% 7,700 65,400 13,8 MJ/kg 
Metals  3% 165 742 3,8 KW/kg 
Glass 3% 33 748  
Inert  2% 4,400 13,200 
Other 8% 5,770 31,735 
Conversion to energy through direct 
combustion or anaerobic digestion 
 
Sludge from the sewage treatment is a raw 
material for biogas production 
 
Source: Ministry for the Environment, Energy and Climate Change 2011 
 
The composition of municipal solid waste between Greece and European Union is 
strikingly varied. Σφάλμα! Το αρχείο προέλευσης της αναφοράς δεν βρέθηκε. 
shows the categorization of municipal solid waste, composition and calorific value. 
To begin with, the majority of waste composition is organics with 40% which 
includes timber, yard trimmings, food residuals and leaves. Second, paper or cartons 
follow with 30% with a significantly low attribution; around 3% are glass, metals and 
inserts. Lastly, plastics display a quite noteworthy proportion of 14% from the whole 
composition of waste. 
As stated in Figures 6 and 7 respectively, the composition of Municipal Solid Waste 
(MSW) in Greece and the European Union varies significantly. Foremostly, Greece 
has the maximum composition in organics with 44% and in Europe the highest 
composition are the cartons/papers with 40%. Metals and plastics display roughly the 
same percentage. The remarkable difference is at glass with 3% in Greece and 19% in 
Europe. The reasons why such differences exist are mentioned in the previous 
subsection. 
 
Figure 6 
 
Figure 7 
Source: Energy and Climate Change (Hellastat, 2009) 
 
Figure 6, 7: Composition of MSW in Greece and EU from Ministry for the Environment. 
 
Source: Ministry of Environment, Planning and Public Works, 2012 
Figure 8: Percentage of the participation of regions in the national production of municipal 
waste. Source: Ministry of Environment, Planning and Public Works, 2012 
According to Figure 8, the absolute majority of national waste production originates 
from Attica and Central Macedonia around 50% of the whole of Greece. [49] Greece 
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produces 5.5 million tons of residential and commercial urban solid waste annually. 
This is equivalent to an average of 450 kilograms per person. [50] According to 
Eurostat 2014, the average equivalent is 475kg/capita 10% less than 2002 which was 
575 kg/capita.  There is still room for improvement, though. Unfortunately, Greece 
not only reached the forecasted scenarios but surpassed them with 5.6 million tons of 
residential and commercial urban solid waste. 
The reasons that we have this MSW upward trend in generation especially in the last 
decade are the demographic features of each region, the GDP, consumption and 
standard of living is highly correlated, the technological development and the summer 
months where places are more crowded. [51] 
 Almost 81% of waste ends up in the landfills. [52] The two most well known sanitary 
landfills in Athens are Ano Liosia and Filis both are overloaded and need to be closed 
not only for health reasons but for environmental also. Moreover, there are still plenty 
of illegal Sanitary Landfills in Greece, 46 active and 136 inactive but not 
reestablished. [53]The practice of land filling has decreased over the last decade 
because of the introduction of recycling materials and organics. Especially on the 
islands, illegal uncontrolled dumpsites still exist, because there is lack of 
transportation in order to recycle the waste, so it is burned. However, local authorities 
still have not found a solution for this environmental disruption. 
 
Source: Eurostat, 2012 
Figure 9: Municipal waste generation (kg/capita) in Greece from 1996-2012.  
MSW generation differs in terms of quantity and quality. The main reasons which 
affect this variety are the GDP (Gross Domestic Product) of the country which 
directly affects consumption, by increasing the GDP and consumption.  Citizens’ 
habits, demographic characteristics, such as the fact that rural areas consume less than 
urban ones and that seasonality especially on islands in the summertime affect the 
loads of waste. [54] All the above reasons lead to massive production of waste. As 
Figure 9 illustrates, since 1996, there is a surge in waste generation from 336 
kg/capita to 437 kg/capita 2005, in less than a decade there has been a huge increase. 
From 2006 to 2009, there is a steady rise and in 2010 when the economic bubble 
exploded there was a peak in waste generation 528kg/capita because of the prosperity 
and after that the numbers started dropping and continue to drop up to this day. 
According to the GDP of Greece 194.6 billion USD which is lower than that of other 
countries, for instance Germany 3.467 trillion USD and United Kingdom (UK) 2.619 
trillion USD, our country is still the third most waste productive. Moreover, MSW 
generation increased by approximately 650,000 tons/annum over the last decade while 
the forecasts show that over the next 15 years MSW generation is going to increase 
around 35%, unless legislation is established in order to prevent mass production of 
waste.[55] 
2.3.1 Municipal Solid Waste Treatment in Greece 
The Greek waste management regime has undergone major changes since the early 
80’s. The MSW management system in Greece follows the directives of the European 
Union. However, great deals of problems persist. We may have access to the 
infrastructural funds and guidance of the European Union, but because of the financial 
crisis over the last years resulting in a lack of waste treatment facilities, the problem 
keeps coming to the fore over and over again.[56] The prickliest problem in MSW 
management in Greece,[57] as in many other European countries is still the dominant 
method of MSW management of Uncontrolled Waste Disposal Sites (UWDS) which 
are illegal and very dangerous for the environment and for human health. According 
to the Ministry for the Environment, Energy and Climate Change, Uncontrolled 
Waste Disposal Sites (UWDS) were portrayed as hazardous and should have been 
shut down by 2008 according to the National Plan of Solid Waste Management, 
which was established by Ministerial Law 50910/2727/03 (FEK 1909B’). 
At present, some of the Uncontrolled Waste Disposal Sites (UWDS) are being closed 
down, numerous Sanitary Landfills (SL) are being constructed and recycling 
programs are being organized. [58] A Eurostat 2012 survey shows the countries that 
recycle, landfill and incinerate.[59] 
In the first category recycling and composting, the best performing countries are 
Germany (65%), Austria (62%), Belgium (57%) and Luxemburg, Slovenia, and 
Sweden at 47%. In the second category land filling, unfortunately despite the high 
technology and know-how, there still are many countries with very high performing 
numbers, starting with, Romania (99%), Malta (87%), Croatia (85%), Latvia (84%) 
and Greece (82%).The last category, incineration, is the least developed but is rising 
quite fast. [56] The model country of incineration and zero waste is Sweden at 52% at 
the same level with Denmark. [57] The Netherlands are at a very high level 49% and 
Belgium follows with 42%. Germany and Austria share the same incineration levels 
at 35%, whereas Luxemburg is at 36%. [58] 
2.3.2 Municipal Wastewater Treatment in Greece 
The treatment of wastewater has been a serious concern over the past three decades in 
Greece. According to Tsagarakis’ survey in 2005, about 350 Municipal Wastewater 
Treatment Plants (MWTPs) were staffed and served over 75% of the country’s 
permanent population. According to EU legislation of urban Wastewater Treatment 
Directive (271/91) Greece should comply with the directive and attach all the urban 
agglomerations with 2000 PE (Population equivalents) to MWTPs by 2005.[60] 
Different kinds of technologies were used for wastewater treatment, 88% are activated 
sludge systems, 10% are natural systems and 2% are attached growth systems. [61] 
Activated sludge systems are comprised of 85% extended aeration systems, 10% 
conventional systems and 5% sequencing batch reactors. [62] The most suitable and 
efficient system is extended aeriation as it is advantageous for the Mediterranean 
climate of our country and it accelerates sludge decomposition. Until recently Greece 
was lacking in knowledge and had poor technology for the disposal of sewage 
treatment. [63] To be more specific, most of the sludge disposal was driven to the sea, 
or to permanent or ephemeral water bodies, such as lakes, rivers, torrents and lagoons. 
Other places where discharge occurred were in agricultural and forest lands. 
According to assessments on how sludge is treated, around 80% ends up on landfills, 
10% in curtilage, 6% is reused for agriculture and 4% in forestry. To conclude, the 
principal method of sewage treatment is landfilling. [64] Hence, the sludge that is 
produced from the anaerobical stabilization of MWTPs could be reused in many 
agricultural activities and large amounts of irrigation water will be saved. Another use 
through anaerobic digestion is to generate gas. 
In Greece there still is inadequate urban wastewater treatment which calls for 
sufficient collection and treatment methods for municipal sludge. 
2.4 Waste-to-energy in Europe 
In particular, Europe has recently begun to develop new kinds of technologies in the 
sector of Waste-to-Energy (WtE) or Energy-from-Waste (EfW). [65] The last survey 
from the Confederation of European Waste to Energy Plants (CEWEP) 2015 depicts 
the Municipal waste treatment in European countries. [66] More specifically, Figure 
10 shows that some countries have almost zero levels of landfilling and quite high 
levels of waste recovery and recycling. [67] On the other hand, there are some 
countries with considerably low levels of waste to energy and very high levels of 
landfilling. 
 
 
Source: Eurostat 2017 
Figure 10 :Municipal waste treatments in 2015.  
  
Figure 11 below illustrates how many WtE facilities existed in Europe. Specifically, 
there are 380 Waste-to-Energy plants around 88% of the European market.[68] 
According to surveys in the years of 2010-2014, around 250 will be built and 
according to some forecasts by 2024, approximately 550 new facilities will be 
constructed. Around 280 million tons of MSW and commercial waste are handled in 
these facilities every year. 
 
 
Source: CEWEP 2014 
Figure 11: Waste to Energy Plants in Europe in 2014 (CEWEP)  
Energy-from-Waste (EfW) is the process with which you thermally treat waste into 
steam, hot water or electricity and then you have energy recovery. Hence, hot water is 
used for the district heating (or cooling) system to heat (or cool) homes, hospitals, 
offices etc, Steam is useful for large scale production processes especially in industry.  
Lastly but quite importantly for our everyday life, electricity is provided on the grid 
and distributed to the end-users. [69] 
The thermal process of Energy-from-Waste (EfW) is incineration, pyrolysis, 
anaerobic digestion, landfill gas recovery, plasma treatment and gasification. The 
most familiar process and most commonly used is incineration. Other kinds of 
methods are not widely spread yet and are avant-garde for this period of time.
 
[70] 
There are multiple reasons why waste incineration, which produces electricity from 
the waste, is very useful not only for environmental reasons such as less CO2 
emissions, less generation of methane, security of energy supply of the country, 
replacing conventional fuels (carbon, coal) with renewable fuels (waste), reducing 
dependence on energy imports, less hazardous substances on the air, but the final and 
most noteworthy reason is reduction of biodegradable content of municipal waste.[71] 
A country which is the pioneer in the use of such technology and imports waste from 
other countries in order to exploit the energy content of MSW to produce electricity is 
Sweden. Concerning the CEWEP Country Report for Sweden for the period 2015, the 
country produced overall 4,703,790 tones of MSW for the whole year, from which the 
48% was recycled-composted, 51% was incinerated while 1% was land filled. 
Sweden allocates around 33 incineration plants. In 2015, a total of 17 TWh of energy 
was produced, of which 14.7 TWh was used for heating and 2.3 TWh for electricity. 
Sweden recovers more energy from waste than any other country in Europe, 
approximately 3 MWh per ton and is the first waste importer in Europe, primarily 
from Norway, Great Britain, and Ireland around 1,328,500 tons of waste in 2015 and 
is the first in Waste Hierarchy in Europe with less waste in landfills.[72] 
 
3 Combined Heat and Power Generation (CHP) 
Around two-thirds of the energy used to produce electricity is wasted in the form of 
heat discharged into the atmosphere. Research has showed that throughout the 
distribution process of electricity a large amount of energy is wasted, to the end users. 
A method that exploits both heat and power simultaneously is Combined Heat and 
Power (CHP) or also known as Cogeneration. [73] Especially, Cogeneration is on the 
premises electricity generation that stores the heat that would be otherwise wasted to 
provide useful thermal energy. Some examples of the application of the beneficial 
energy that is generated in the form of steam / hot water; is space heating or cooling, 
large-scale industrial processes, domestic hot water, thermal applications, commercial 
buildings, municipal, residential, institutions and any kind of  continuous system 
integration for a variety of technologies. Hence, without the possible distribution 
losses which are preventable, CHP can reach efficiencies around 65-75 percent, 
compared to 50 percent for conventional technologies (i.e., grid-supplied electricity 
and an on-site boiler).  Unlike central station generation, CHP distributed generation 
is located on-site or near the point of consumption in order to meet the electricity or 
thermal needs of the consumers. [74]  
To begin with, regarding the numerous benefits of cogeneration, it is easy to use a 
variety of fuels, both fossil and renewable-based such as waste. CHP provides highly 
efficient electricity and heat. It has a low energy cost because it provides the energy 
directly. The technology of cogeneration has few geographic limitations; it is easily 
deployable and cost effective. Furthermore, it improves energy security by decreasing 
national energy requirements; it helps businesses overcome price volatility and supply 
disruptions. It also enhances competitiveness by increasing energy efficiency and 
managing costs. It generates less CO2 emissions and other pollutants that are 
responsible for global warming, therefore, making the accession of international 
climate policy and the attainment of green environmental goals possible. It helps to 
limit congestion and emission compensation by the rising resiliency of energy 
infrastructure. Additionally, it upgrades energy efficiency by storing heat that is 
normally wasted. It creates an elaborate energy supply by empowering further 
integration of domestically produced and renewable fuels. [75] 
Especially over recent years, there is a tendency to apply more sustainable solutions 
on energy generation and to use them as renewable fuels in the CHP facilities in order 
to be more environmentally friendly. It is very beneficial to use biomass due to the 
fact that is an abundant resource with high efficiency and flexibility which produces 
both power and heat. Additionally, fossil fuels are in scarcity, more expensive and 
produce more CO2 emissions. Renewable energy cannot substitute fossil fuels yet, but 
no one knows about tomorrow. [76] 
3.1 CHP technology Overview  
There were three types of incineration processes that were broadly used: (a) the fixed 
bed, (b) fluidized bed and (c) dust combustion. Also, the feedstock features were 
tested formally. There were some deviations comparing these incinerators regarding 
the operation and the efficiency in MSW combustion. 
3.1.1 MSW Combustion 
Thermal treatment of solid waste is the combustion process in a machine which uses 
raised temperatures as the primary means to change the chemical, physical, or 
biological character or composition of the waste in the presence of oxygen as well. 
The thermal treatment process of solid waste is affected by the following parameters:  
 
 
 Homogeneity,  
 The size of the particles,  
 Thermal conductivity,  
 The ignition temperature,  
 Specific weight,  
 Calorific value of fuel,  
 The quantitative composition of flammable material, ash and water,  
 The volatile content,  
 Hazardous substances content and  
 The melting point of ash,  
There are multiple parameters that prevent the speed of thermal processes.  
There is high difficulty to define the effect of parameters because of the heterogeneity 
of the materials. [77] 
3.1.2 Fix Bed Boiler  
The fix bed combustion systems consist of grate furnaces and underfeed stokers.  In 
addition to that and according to the combustion processes, they are divided into three 
sub-categories, counter current air flow, co-current air flow and cross-current air flow. 
Grate furnaces are suitable for biomass fuels with high moisture content, instable 
particle sizes and high ash content. 
The process takes place according to the following method. Primary air burrows 
through a fixed bed, in which drying, gasification and charcoal combustion occur. The 
flammable gases are produced and burned after secondary air addition has taken 
place, frequently in a combustion zone detached from the fuel bed. The most common 
model of counter current fixed bed combustion is the spreader stoker. This type 
operates in a way that fuel is supplied on top of the bed and air enters through plenty 
vents under the fuel bed. An example of a cross current combustion system is 
the travelling grate stoker. Furthermore, another frequent model for co-current 
combustion is the underfeed stoker, in which, both fuel and air are supplied somewhat 
in the same direction. [78] Figure 12 shows the process of the fix bed boiler 
combustion. 
 
Source: Sawyer Kellogg ‘Steam Boilers’ 
Figure 12: Fix Bed Boiler process. 
3.1.3 Fluidized Bed Boiler 
Fluidized bed combustion (FBC) is a combustion technology used to burn solid fuels 
such as municipal waste, sewage plant sludge, biomass, agricultural waste residue and 
other high moisture fuels which can be utilized for heat generation. A combination of 
fuel and air in a relative amount creates combustion in the fluidized bed. A fluidized 
bed may be described as the bed of solid particulates acting as a fluid. Additionally, in 
this kind of technology, boilers, biomass, crushed dolomite or limestone is burned in a 
self-mixing process of high velocity combustion air and bed materials with air 
entering from the furnace bottom.[79]The surplus air of fluidized bed is 20% or 
higher. Furthermore, FBC boilers offer numerous advantages during the combustion 
process and they are being used extensively these days. They burn fuels at lower 
temperatures of combustion (800 °C / 1500 °F) so they have other supplementary 
benefits such as the reduction of air pollution in general and particularly the decrease 
of the amount of sulfur emitted in the form of SOx emissions. As it is well known, 
they have high thermal efficiency and they operate at temperatures down to 150
o
C. 
[80] Also, ash removal from the system is a simple method and is used to construct 
cement. Finally, apart from the automatic and safe operation of the system, they 
respond quite quickly to any changes in load demand, owing to the quick 
establishment of thermal equilibrium among air and fuel particles in the bed. 
Regarding all the benefits of fluidized bed combustion (FBC) mentioned above, they 
are extensively used by burning fuels with a wide range of calorific values, ash and 
moisture content. Throughout the combustion, primary air keeps the bed of sand 
fluidized, although secondary air is embedded further up in the furnace to reach a 
continuous and integrated combustion. [81] Below Figure 13 depicts the whole 
process of Fluidized bed boiler as explained above. 
 
Source: Bradford University 
Figure 13: Procedure of Fluidized Bed Combustion Boiler. 
3.1.4 Pulverized Bed Boiler 
The pulverized bed combustor is appropriate for sawdust, bark, shavings and sander 
dust. This type of incinerator for wood powder has a capacity range of up to 1000 
MW with moisture content up to 25%. Pulverized combustors or cofiring with coal in 
existing coal-fired boilers mix biomass with a fossil fuel in high-efficiency boilers as 
a supplementary energy source. Biomass cofiring can substitute 20 percent of the coal 
used in the boiler. Cofiring is commonly used to supply intermittent biomass, 
otherwise moisture content is very high. On the other hand, it is very cost effective 
and biomass energy technologies can be easily implemented, but the combustion 
process suffers from high temperatures which lead to high emissions of nitrogen 
oxides (NOx). Figure 14 below depicts the procedure of Biomass Cofiring in a Coal 
Power Plant. 
 
 
Source: Agency for Natural Resources and Energy 
Figure 14: Biomass Cofiring in Coal Power Plant.  
3.1.5 Efficiency 
The efficiency of a boiler can be sorted into two types of combustion, thermal and 
fuel-to-steam efficiency. The fuel-to-steam efficiency method is more widely used 
and transmits maximum boiler efficiency. In terms of performing calculations of 
boiler efficiency, some factors need to be considered that affect the performance of 
biomass combustion such as moisture of the fuel, surplus air inserted into the boiler as 
well as the percentage of non-combusted or incompletely combusted fuels. According 
to the Energy Technology Systems Analysis Programme (ETSAP), the efficiency of 
fixed and fluidized bed combustors ranges between 60% and 70% of burning 
biomass, whereas coal combustion is 75% to 85%. Although, fixed bed combustors 
have lower efficiencies than fluidized bed boilers, the latter are more technologically 
advanced. [82] 
3.1.6 Operating Availability 
According to the Energy Technology Systems Analysis Programme (ETSAP), the 
annual availability of a continuous power generation system ranges between 86% and 
94% including planned outage. It is comprehensible that the ranges are not fixed and 
some factors affect boiler performance. Some indicative factors that affect plant 
availability are fuel quality, boiler insulation process, steam generating pressure and 
temperature, excess air control and many others. [83] 
3.2 Power Generation Technologies 
CHP systems are composed of specific individual components, such as the prime 
mover (heat engine), the generator, heat recovery, and electrical interconnection, 
which set up an integrated system. Regarding the CHP systems, prime movers 
generally are steam turbines, gas turbines, spark ignition engines, diesel engines, 
micro-turbines and fuel cells. That type of prime mover can burn various types of 
fuels, likewise biomass, natural gas and coal to generate thermal or mechanical 
energy. A fully featured CHP system is composed of supplementary technologies for 
instance boilers, absorption chillers, desiccants, engine-driven chillers, and gasifiers. 
Mechanical energy is generated in the prime mover, which is commonly used to 
operate a generator to produce electricity; it can be used to drive rotating equipment 
such as compressors, pumps, and fans. Thermal energy can be created in direct 
process applications or indirectly to produce steam, hot water, hot air for drying, or 
chilled water for process cooling. 
At present, the industrial sector generates both heat and power from biomass in CHP 
facilities in the chemical, wood products and food processing industries. In these 
applications steam is used to generate a steam turbine-powered generator as well as 
waste heat which are then used for water or space heating. [84] 
3.2.1 Steam Turbine Technologies  
A steam turbine is a rotary heat engine that turns thermal energy into high pressure 
and temperature steam and then into electrical or mechanical energy. The complete 
composition of a steam turbine contains a boiler (steam generator), a turbine, a 
condenser, a feed pump and a variety of supplementary devices. Below is a Rankine 
cycle as illustrated in Figure 15. The thermodynamic cycle is frequently used as a 
process in a steam turbine CHP system. [85] The procedure is further explained in 
detail. 
  
 
(Source: ME Mechanical Team) 
Figure 15: Simple steam power plant that operates on the Rankine cycle.  
Pump: At state 1, concentrated liquid leaves the condenser; it is pumped into the 
boiler with high pressure. The pump operation is considered isentropic. 
Boiler: Providing constant heat to the working fluid in the boiler, steam is produced. 
Saturated or superheated steam passes through the boiler at state 3, relying on the 
quantity of heat supplied by the boiler. 
Turbine: The generated steam enters the turbine, where it expands isentropically to 
the condenser pressure at state 4. The power produced by the turbine is rotary (shaft) 
power which is used to drive an electric generator or machine. 
Condenser: The condenser is connected at the exit of the turbine. The steam leaves 
the turbine and is concentrated completely in the condenser completing the cycle at 
stage 1. [86] 
 
There are two different types of steam turbines; each one has their own operating 
scheme: 
The extraction steam turbine (condensing) consists of two vents. The first vent 
extracts the steam with intermediate pressure to maintain the heating process. At the 
same time the second vent extracts the rest of the steam with low-pressure steam for 
condensation. The benefit of the condensing turbine is that it generates high amounts 
of electricity and it has the ability to monitor output as per changing need. Figure 16 
below illustrates the extraction (condensing) steam turbine process. 
 (Source: Turbine Info) 
Figure 16: Extraction (condensing) steam turbine.  
(a) The non-condensing steam turbine uses high-pressure steam for the rotation of blades. 
It is also known as the back pressure steam turbine. This low-pressure steam is uses 
for processing and no steam is used for condensation. There are numerous benefits for 
the use of non-condensing turbines. For example, the configuration is simplified in 
this steam turbine, it is less costly compared to condensing turbines, it needs very 
little or no cooling water and it is more efficient because it does not reject heat in the 
condensation process. Figure 17 below depicts the non-condensing steam turbine. 
Steam turbine power generation has been widely used for over a century. However, 
due to their high efficiencies and lower costs, they are used on a great scale especially 
in CHP facilities. The capacity of steam turbines can fluctuate from very low energy 
coverage to hundreds of MW for large scale power plants. [87] 
 
(Source: Turbine Info) 
Figure 17: Non-Condensing (Back-Pressure) Steam Turbine. 
4 Waste management in the Islands of Rhodes, Kos, Kalymnos and 
Lipsi 
4.1 Creating a business plan for waste management- Overview  
 
Rhodes, Kalymnos, Lipsi and Kos are islands that belong to the complex of the 
Dodecanese Islands and, therefore, are located at a distance from the largest urban 
cities in Greece. As a result, the transfer and implementation of national strategies 
with regard to economic policies is a process that is not as simple as one may assume 
(Armstrong, et al., 2006).  
Recycling and reusing waste is essential for all cities and regions. However, due to the 
lack of proper technical infrastructure and similar experiences in the area of the 
Dodecanese, the islands face problems in the management of waste (Petropoulos, 
2008).[88] 
On the other hand, the Greek islands are among the most popular tourist destinations 
in Greece. This means that they attract over a million visitors per year. Although the 
tourist activity in the islands is the most profitable sector and adds to the local and 
national economic capacity, the local institutions and businesses are not capable of 
applying a fully functional strategy to reduce waste and tackle problems related to 
environmental pollution (Papatheodorou, 2004).[92] 
At the same time, the fact that pollution increases can lead to a loss of reputation 
(Papatheodorou, 2004). During winter time, the Dodecanese islands are inhabited by 
locals and some members of staff, usually maintaining the hotel complexes and 
buildings. This means that the economic activity is shrinking drastically and that the 
locals need to rely on their saved incomes to go through the winter (Boukas & Ziakas, 
2016). [91] 
Neighboring Turkey is both an advantage and a threat for those islands. However, 
even though the Turkish hotel industry is competitive against the Greek one, many 
tourists tend to prefer Greece for its historical past and due to the image projected by 
the media (Manopoulos, 2011). When it comes to Erdogan’s aggressive policy against 
the foreigners and the locals alike, tourists are more hesitant to visit Turkey than 
Greece (Ioannides, 2015)[93] 
Rhodes has some similarities and some differences compared to the other three 
islands for which this business plan is indented. It is larger territory-wise, has a larger 
population and therefore, has increased energy demands. On the contrary, Kos has 
more or less an equal number of annual visitors, despite that it has a much smaller 
size. Kalymnos and Lipsi are less popular and less inhabited (ANDO, 2018). 
In detail, according to official data (ANDO, 2018): 
Rhodes covers an area of 1.398,075 km2, making it the largest island of the 
Dodecanese, compared to Kos that covers 290,275 km2. Kalymnos covers an area of 
111,14 km2 and Lipsi comprises of thirty (30) smaller islands, totally covering 15,84 
km2.[90] 
The total estimated population of the island of Kos in 2001 was 30.947 inhabitants, 
while for Rhodes 117.007. this means that the island of Rhodes is at least 3 times 
bigger in size and population compared to Kos and its demands are, indeed, higher. 
Lipsi have 790 inhabitants and Kalymnos 16.719. 
4.2  Waste production and management in the region 
Given that the main scope of the research is to propose a functional business plan for 
the use and reuse of waste in the islands of Kos and Rhodes, with a focus on creating 
a factory that will produce electric energy, it is important to assess some basic costs 
and figures to be able to estimate the cost and the profit of the overall project.  
First, since the factory will be located in the area of the Dodecanese, the owner will be 
liable to pay municipal tax and national tax, according to the existing legislation. This 
means that they will have to pay reduced tax at 2% and vat at 9% as they are remote 
regions and are part of a national planning for the protection of vulnerable population, 
covering the Dodecanese and the northern Aegean sea islands.[90] 
4.2.1 Waste management in Kos 
The first attempts to tackle pollution caused by waste in Kos were made in the 1990s, 
using a municipal area of 44,8 km2 and specially designed conduits that transfer 
waste. Waste has been reused at some percentage for agricultural purposes; however, 
the unit could not suffice to support the increasing needs of the island. Therefore, in 
2005, a new strategy for use and reuse of garbage has been proposed (Karampela, et 
al., 2017), funded by own capital from the municipality of Kos (19,5%), the Greek 
government (10,5%) and from the Mediterranean Integrated Programs supported by 
the EU (KOS.gov, 2016).[97] 
In Kos, since 2008, the local government has build a new area used as a landfill, 
covering a total of 312 km2 in “Matiades”, used for the collection of garbage and 
recycling. Due to the fact that the area has overflown, the islands leadership has 
planned an expansion of the landfill area by building two new infrastructures, of a 
total area of 360 km2, with a possibility for an expansion (KOS.gov, 2016). 
The existing infrastructure has as follows (KOS.gov, 2016): 
The total length of the conduits is 2.330 m. The capacity of the unit is 49,275 per 
equivalent inhabitant and 10.841 m
3
/d. This means that, given the current population 
of the island and that the fact that it increases by 50-55% during the summer season, 
the unit cannot suffice to cover the needs of the island.[104] 
Based on data from 2015, the inhabitants of Kos produce 38.442 tones of waste per 
year, on an average (KOS.gov, 2016): 
178 tones from the military activities on the island. 
9.125 tones from private activities. 
29.000 tones from municipal activities. 
Table 8: Comparison of total waste production 2010-1015 
Year Tones of waste Increase rate 
2010 33.308  
2011 32.651 -1,97% 
2012 31.291 -4,16% 
2013 32.375 +3,46% 
2014 33.716 +4,14 
2015 38.422 +13,96% 
      Source: (KOS.gov, 2016) 
  
This makes the need for a proper waste management urgent. The state must take 
action in order to reduce pollution. Below there are pictures from the new sanitary 
landfill in Kos. 
 
Picture 1 
 
Picture 2 
Source: Solid waste projects Environmental Technology Karkanias S.A 
Picture 2&3: Construction sanitary landfill (CHYTA). 
 
4.2.2 Waste management in Rhodes 
When it comes to Rhodes, the island has faced multiple challenges when it comes to 
controlling excessive production of garbage all over the island. A temporary solution 
applied was that of waste incineration. However, this measure can only relief the 
population temporarily and a more permanent agenda for the contraction of the 
amount of garbage has to be found (Diamantidis, 2017). 
Since June 2017, the local government has, indeed signed an agreement with a private 
company, “ENACT”, assigning them with the task of collecting and disposing 
garbage, especially in the most inhabited areas. The majority of the activities with 
regard to dealing with waste are done in winter time (Ecorodos, 2018). 
Rhodes has a high seasonality in the production of waste, it ranging from 4,700 tones 
in December 2016 to 12,600 tons in August 2017. Indicatively, in fact, garbage 
production increased by 4.82% last year (99.954 tons compared to 95.361 tons in 
2016 and it was excessive with only 1,000 tons of it comprising of recyclables 
(PEPNA, 2014). The waste disposal unit has an overall capacity of 12,000 tons 
(Lialos, 2018).[110] 
Regarding the composition of Rhodes MSW, and due to difficulty in finding data, 
only a survey from 2004 was available and the results of which are presented in Table 
8. 
According to the high increase of MSW production over the last years, one can assert 
that there must have been major differences in composition from 2004 to 2015. 
Furthermore, the recycling center has begun refunctioning since September 2017. The 
waste produced by the inhabitants and tourists of Rhodes includes organic waste, non-
food waste, and recyclable material and gas emissions. Not all waste can be usable for 
the production of electricity.[95][96] 
More analytically, the composition of waste in the case of Rhodes can be described 
briefly in the following table: 
Table 8: Composition of Rhodes MSW 
 
 
 
 
 
 
 
  
                         
 
 
  Source: Municipality of Rhodes 
 
The combustion ability of MSW is divided into two main categories, combustible and 
noncombustible wastes. The first category applies to fermentable materials, plastic, 
paper, wood, rubber, leather, fabrics, etc. and the second to wastes like glass, metals, 
aggregates etc. According to the combustible material content based on the moisture 
and ash composition of MSW, the higher the moisture content the less combustible it 
is (Ndum, 2013).  
So, more heat needs to be released in order to remove moisture from waste and to 
burn in a proper way to produce the appropriate thermal load. In general, the amount 
of heat exuded throughout combustion of unit mass of a material is signified as 
calorific value of this material. As stated before, the calorific value of a material relies 
on the substance of the primary fuel elements, which are carbon and hydrogen and to 
a lesser extent sulfur (John & Singh, 2011). Below there is a picture from the 
construction of the sanitary landfill of Rhodes. 
 
                        (Source: “Rodiaki” newspaper) 
Picture 3: Sanitary Landfill of Rhodes. 
Waste 
fraction 
Survey 
2004 
Organics (%) 29 
Paper (%) 28 
Plastic (%) 21 
Glass (%) 7 
Metals (%) 3 
Other (%) 12 
4.2.3 Waste management in Kalymnos 
 In the case of Kalymnos, waste management is a constant problem for the local 
government. The landfill has overflown since 2014 and it is impossible for them to 
find an alternative area for waste collection or enough capital to build new 
infrastructure. In reality, Kalymnos has to pay an annual fine of more than 40.000 
euros, due to its inability to tackle the issues related to excessive pollution and water 
contamination due to the lack of proper resources to handle the problem (Fourla, 
2015).  
The island produces at least 7.726 tons of waste per year and the works towards a 
discovery of new methods to deal with their disposal and collection are still 
incomplete. Also (PEPNA, 2014), the overall unit capacity in Kalymnos is less than 
500 tones. Below is depicted the current situation of the uncontrolled dumpsite and 
yet open. [99] 
 
(Source: “Kalymnos News” newspaper) 
Picture 4: Uncontrolled dumpsite in Kalymnos. 
4.2.4 Waste management in Lipsi 
Last, when it comes to waste management in Lipsi, the main area of garbage 
collection is situated in “Kydonies” and the works towards a proper management of 
excessive pollution have been more successful than the rest of the islands of the 
Aegean Sea. This can be attributed to several factors including that (PEPNA, 2014): 
Lipsi are much less densely populated compared to Kos, Rhodes or Kalymnos, 
The islands is not as popular as a tourist destination. 
The islands rely on agriculture and fishing and there are no large productive units that 
can contribute to pollution in the area. 
No extensive military or maritime activities take place in the region. 
In detail (PEPNA, 2014): 
The unit capacity in Lipsi is limited to 40 tones. 
The islands are characterized as a “low risk zone”. Also the island of Lipsi recycles 
the waste and they do not use plastic bags. The picture illustrates the recycle bins in 
Lipsi. 
 
(Source: Mayor of Lipsi) 
                    Picture 5: Separation of waste in Lipsi. 
4.2.5  Technical data and estimations 
Since this analysis concerns the design and construction of a new unit that will take 
under the task of collecting and converting waste in the Dodecanese area, in order to 
produce electricity, a technical analysis should precede the economic and business 
planning and analysis. 
Waste management can be profitable and can lead to an overall limitation of cost. 
However, it also includes some technical difficulties. Waste comprise of various 
materials, and, in the process of conversion, there is a chance that some hazardous 
materials will be produced. Therefore, the municipality will most probably charge the 
unit with an amount of money as compensation.[114] 
Based on previous examples of similar initiatives, waste processing will lead to a 
cross-production of water, ash, carbon, hydrogen, nitrogen, oxygen, Sulphur, fluoride, 
Clorine and other components, at different amounts, as shown below 
 
 
 
 
 
 
 
 
 
 
20% 
1% 
1% 
0% 
3% 
25% 
29% 
18% 
0% 3% 
COMPOSITION  
water clorine nitrogen sulfur hydrogen ash carbon oxygen fluoride other 
Table 9: Waste composition/element 
Element Composition (percentage per element) 
Water 20% 
Clorine 0,50% 
Nitrogen 0,90% 
Sulfur 0,30% 
hydrogen 3% 
Ash 25% 
Carbon 29% 
Oxygen 18% 
Fluoride 0,20% 
Other 3,30% 
Total 100% 
 
Source: (Ecorodos 2018) 
 
                               
Source: Ecorodos 2018 
                         Figure 129. waste composition (cross-products) 
 5   Estimating cost and risk-economic indexes and analysis 
5.1 History and current trends 
The Worldwide Waste-to-Energy market was appraised around 25.32 billion US$ in 
2013 while the total market profits estimated were around 88.2%.  Europe is the most 
important and progressive market in this technology estimated for 47.6% of the total 
market profits in 2013. Hence, because of the increase of solid waste and the austere 
EU legislation according to waste, many European countries such as Switzerland, 
Germany, Sweden, Austria and Netherlands adopted this technology. Furthermore, 
the Asia-Pacific market is controlled by Japan which utilizes 60% of the solid waste 
for incineration. The dominant market is China, which has more than doubled its WtE 
capacity in the period 2011-2015. On the other hand, many non OECD countries 
which do not have the access or the knowledge of WtE implementation still prefer the 
low-cost landfilling for treating their waste.  [116] 
 
5.2 Basic overview of the project 
The main business plan regards the building of an operational unit in Rhodes. The 
costs below regard the function of the unit in Rhodes and the collection and transfer 
of garbage from Kos, Kalymnos and Lipsi to Rhodes. The decision has been made on 
the basis that there is already an operating unit situated in Kos and, therefore, since 
1990, there has been an observable reduction of problems related to the overall waste 
collection, storage, reuse and disposal (KOS.gov, 2016). 
Building a new unit in Rhodes will lead to a temporary increase of cost as new 
machinery, buildings and land have to be purchased, however, on the long term, there 
will be a reduction of pollution and added benefit due to the profit made by the 
electricity produced.[94] 
The main plan is to collect excess waste from the four islands and transfer it via ships 
to Rhodes, at a specifically designed factory that will use waste to produce electricity. 
As a result, the plan should include estimated costs of shipping and temporary storage 
of the main material used, in this case, waste.[101] 
 
 
 
General business plan factory unit 
ASSESSMENT AND ANALYSIS 
BASIC INFORMATION SCOPE 
Type of unit Factrory 
Waste to 
energy 
conversion 
Project type 
Investment in waste collection infastructure and 
conversion plant 
Storage and 
conversion 
Main areas of 
coverage 
Rhodes, Kos, Kalymnos, Leipsi 
Main location: 
Rhodes 
City  Tsairi 
Airport area, 
Rhodes 
Country Greece 
National 
project 
National Currency euro   
Planning period Sept-Oct 2018 
initial 
proposal 
Main institution 
responsible for 
data collection 
XYTA 
landfills 
  
Population 
covarage 
Rhodes, Kos, 
Kalymnos, 
Leipsi 
Inhabitants 165.463 
Data collection 
date 
2011 
Official 
Census 
Benefited area Dodecanese km2 1815,33 
Duration of the 
contract 
20 years   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Facilities 
 
 area 
  
Permanent 
infastructure 
Private 
infastructure 
Additional 
equipment 
  
Transfer Storage areas  
shipping 
company 
heavy 
machinery  
Kos, 
Kalymnos, 
Lipsi 
Landfills  XYTA - 
heavy 
machinery  
Waste 
collection 
areas 
Dumps - - - 
illegal in 
Greece 
Temporary 
storage areas 
- Warehouses - 
Rhodes, Kos, 
Kalymnos, 
Lipsi 
Waste to Energy 
Units 
Rhodes - - Rhodes 
Composting Units 
Rhodes 
factory 
- 
Composting 
equipment 
Area 
Waste selection  
local garbage 
sorting areas 
privately 
owned bins 
- 
Rhodes, Kos, 
Kalymnos, 
Lipsi 
Additional 
facilities 
electricity 
transfer 
system 
- 
cables, 
measuring 
units 
substations 
 
 
5.3 Analysis and methodology 
The proposed business plan regards the creation of a factory that will use waste to 
produce electric energy. Such initiatives are primarily supported by the EU as well as 
the states, as they meet the main targets of the Kyoto protocol, as well as the 
European Union (Streimikiene & Sivickas, 2008). 
This is due to the fact that they are (Yokohama Strategy, 1994): 
Cost efficient. 
Time efficient. 
Useful for the reduction of pollution. 
Beneficial for the general population. 
Important for the advancement of research and technology. 
Essential for public health. 
An average life span of such a factory is twenty (20) to forty (40) years and 
depreciation is expected to happen during the first ten (10) years of the investment. 
Large hydroelectric projects have a significant added value because energy resources 
are scarce and, therefore, the possibility of using waste for its production is a win-win 
solution (Mayer, 2002).[103] 
The main problem with such projects is that, particularly when there is a lack of 
resources, the initial cost is high, and the local government is not capable of covering 
it using its own capital. As a result, many regions reside in loaning and seeking for 
national or foreign investors that are willing to support the task in order for them to be 
able to initiate the project with as less risk as possible (Flyvbjerg, et al., 2004). 
A macroeconomic analysis can be useful for a prior assessment of the risk and an 
overall cost – efficacy analysis. For each parameter, there are ways to estimate those 
values that will enable the investors and producers to assess whether or not they can 
implement the project or not (Altman, 1968). 
The main figures that should be used are: 
 The energy demand for the function of the unit. 
 The cost of maintenance and repairing of the factory. 
 The cost of material. 
 The total annual productivity capacity. 
 The cost of the engineering research. 
 The fixed cost (land, machinery). 
 The average taxation (national and municipal). 
The primary objective of the project is to propose a model business plan that can be 
usable in the area of the Dodecanese and that will be beneficial for the reduction of 
waste as well as the satisfaction of the islands’ demands on energy, particularly 
electricity. The solution must be cost-efficient and based on real data for it to be 
applicable and acceptable.[102] 
The factory will be using new equipment and operate mostly during winter time, 
without, however, seizing its operations during the high tourist season. This means 
that there will be continuous flow of material and that measures will be taken to store  
basic supply 
cost 
55% 
infastructure 
37% 
material costs 
1% 
storage 
6% 
soft cost 
1% 
 
0% 
AMOUNTS IN EUROS 
and use waste in specifically designed facilities in the islands that will take part in the 
agreement (Juang & et al, 2002).[112][111] 
5.4 Project details 
 
As it has been previously mentioned, the VAT coefficient used will be 9% for 
taxation and 2% for municipal taxes. Also, since such projects are, generally, 
supported by the European funds and based on the current policies of the EU, the 
hypothesis is that the funding of the project should be consistent to the specific 
requirements of the EU. As a result, the scenario is that the company will have to use 
30% of its own capitals, 20% capital from state subsidy and 50% capital from the EU 
funds (Dusonchet & Telaretti, 2010).[100] 
The overall cost of the project for a life span of twenty years should be able to cover 
the costs of purchase of initial equipment, research and permits, production and 
relevant expenses that are necessary to prepare the main facilities of the factory. In 
detail, the overall cost of building the factory and starting the production will have as 
follows: 
   
 
 
 
 
 
 
 
 
 
 
 
                                   Chart 2:Eligible cost analysis for Rhodes factory 
The additional expenses include costs that cannot be covered by funding and direct 
investment, as they concern additional cost that includes, i.e. technical assistant, 
covering fees of the engineers and legal/economic experts that are responsible for 
Management 
and advisory 
cost 
87% 
cost of proposal 
submission 
 
Staff fees 
3% 
total cost 
0% 
Non eligible cost 
Management and advisory cost Cost of proposal submission 
Staff fees Counselling 
total cost 
assessing and completing the business plan as well as costs that occur in the 
preliminary phase (Almeida & Kogut, 1997).  More analytically, the chart below 
explains how the cost can be analyzed: 
Chart 3: Non eligible cost analysis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                   
Table 10: Business plan 
BUSINESS PLAN          (amounts in € 
'000)  Cost 
 Main information     
Basic supply cost 1.875   
Basic construction cost (infastructure) 1.254   
Material costs 19   
Storage 190   
Soft Cost 50   
Estimated eligible cost (primary) 3.388   
Management and advisory cost  121   
Cost of proposal (non - eligible expenses) 12   
Staff meetings and relevant expenses  4   
Counselling 0,98   
B) Subtotal (non eligible Costs) 138   
C) Total Investment cost for the plan 3.526 100% 
 
 
 
 
19% 
29% 
48% 
4% 
Capital and investment 
analysis 
Grant Own capital EU funds Excess amount 
The figures above regard the initial costs and necessary budget for the proposal and 
approval of the plan. The eligible cost can be covered by external funding and the 
non-eligible includes the cost of designing and proposing the project. [109] 
In the European Union, there is an existing legal framework that holds that each 
factory that produces harmful substances, gases or other sub-products, have to pay 
fines that are covered by the unit under consideration. This means that in the business 
plan, this cost has to be part of the total. [105] 
For the scenario examined below and based on the rates in the EU, the fine for CO2 
emissions is 10.076 euros per 200 tones CO2, produced by 106.000 tones of waste, 
converted in factories. Also, the fine for Sulphur production is 68,4 euros per 3 tones 
of Su. Moreover, 2794 euro is required as compensation per 100 tones of produced 
Nitrogen (WORLDREG, 2016). 
The total investment is estimated to be 3.526.000 euros. Analyzing this cost based on 
the need for additional financial support: 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                          Figure 13. Funding analysis 
 
      
 
 
In table 11 format and more analytically: 
Grant   678 20,0% 
own capital   1.017 30,0% 
EU funds 50% 1.694 50,0% 
Other loans   0 0,0% 
Excess amount (non eligible cost)   138 0,0% 
 
It has to be noted that the amounts are estimated according to the eligible costs and 
that the funding should be able to cover only the basic expenses. [115] 
Also, additional information on further costs can be provided: 
 
 
 
ADDITIONAL 
EXPENSES 
  
 
      
Operational Cost €/MW 
 
  99,00   
Μunicipality tax  (% on 
sales)  
  2%   
Overheads 000€ per year 
 
  0   
VAT 
 
  
 
  9,0% 9 
  
  
 
  0,0% 10 
  
  
 
  7,0% 8 
Depreciation years/rate 
 
1000,0% 25,0%   
Compensation   
 
  12%   
Energy price increase per 
year  
  0,0%   
Cost increase per year 
 
  0,5%   
 
Large-scale projects usually have a gross profit margin at around 25%. As a result, to 
estimate the overall profit of the project, the total revenue of the company has been 
estimated and, afterwards, the gross profit has been calculated accordingly (Di Masi, 
et al., 2003). [113] 
It has to be noted that the overall revenue has been estimated using a linear equation 
adding the annual revenue of each year of the duration of the project. The annual 
revenue, on its turn, has been estimated by using the data on: 
Production capacity (estimated at 41% of clear energy production capacity from 
waste, as assumed by the outcomes of similar projects in Moldova and Romania) 
(Colesca & Ciocoiu, 2013) 
The price of electricity per MW (estimated at 99 euros/MW). 
The overall amount of waste available for the use of electricity production is 
estimated at 38.000 tones on an annual basis. 
 
 
                                        Table 12: Waste availability 
Waste availability in tones   38000   
Optimal production capacity   15580   
Optimal revenue (annual in euros '0000)   1.542 41,0% 
Electricity Price ‘000 euro/MW   0,099   
 
The amounts are calculated using the figures made available above, assuming that a 
total of 38.000 tones of waste can be guaranteed to be available for energy production 
and shipped, as well as stored, in Rhodes, annually. [106] 
The optimal revenue is estimated by assuming that each MW will be sold for 99 euros 
and that the production capacity with the use of waste will be limited to 41% as 
explained above. 
Roughly estimating the energy production for twenty years, and, keeping under 
consideration that there will be some fluctuations in the production over time, the total 
profit and loss can be estimated accordingly with a simple linear analysis: 
 
Table 13: Profit and loss statement  
2. PROFIT AND LOSS STATEMENT     TOTAL 
Overall duration of the project       
        
        
        
        
Energy sales      27.358 
Μunicipality tax      537 
Operational Costs     1.691 
Overhead     799 
total     24.331 
 
 
 
 
 
 
 
Table 14: Profit and loss statement per decade and between 2018 and 2028 
  2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 
2. PROFIT AND 
LOSS 
STATEMENT 
(initiation) year year year year year year year year year year 
Overall duration of 
the project 
  1 2 3 4 5 6 7 8 9 10 
    0,099 0,099 0,099 0,099 0,099 0,099 0,099 0,099 0,099 0,099 
Energy sales  504 804 1.100 1.300 1.450 1.450 1.450 1.500 1.500 1.500 1.500 
Μunicipality tax  0 16 22 26 29 29 29 30 30 30 30 
Operational Cost 374 85 50 40 65 65 66 66 66 66 66 
Restoration 29 0 0 0 0 0 0 0 240 0 0 
total 101 703 1.028 1.234 1.356 1.356 1.355 1.404 1.164 1.404 1.404 
 
Table 15: Profit and loss statement per decade and between 2029 and 2038 
  2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2029 
2. PROFIT AND 
LOSS 
STATEMENT 
year year year year year year year year year year year 
Overall duration of 
the project 
11 12 13 14 15 16 17 18 19 20 11 
  0,099 0,099 0,099 0,099 0,099 0,099 0,099 0,099 0,099 0,099 0,099 
Energy sales  1.500 1.500 1.500 1.400 1.200 1.100 1.100 1.200 1.300 1.500 1.500 
Μunicipality tax  30 30 30 28 24 22 22 24 26 30 30 
Operational Cost  67 67 67 68 68 68 69 69 69 70 67 
Restoration 0 0 0 0 0 0 0 530 0 0 0 
total 1.403 1.403 1.403 1.304 1.108 1.010 1.009 577 1.205 1.400 1.403 
 
 
 
 
Based on official data, the recycling rates are rather low in Greece, as in the area of 
the Dodecanese. More analytically, less than 16% of waste, nation – wide, are being 
reused. That  means that, since, it has been reviewed that around 59% can be used for 
other purposes, in the present business plan, we shall assume that out of an estimated 
amount of 70.000 tons of waste produced in Rhodes, Kos, Kalymnos and Lipsi 
annually, at least 60.000 of them can be used for alternative purposes (ANDO, 2018).  
Assuming that the unit will be situated in Rhodes, one should take under 
consideration the additional costs that will occur in the process. In detail, around 50% 
of the total amount of resources, in this case, waste, which is equal to 30.000 tons, 
will have to be transferred by ship (sea routes) to Rhodes. However, in order to hire a 
crew and a private ship for this purpose, there has to be a significant amount of waste 
already collected, processed and stored in the aforementioned regions.[107] 
Analytically, this means that for a period of at least 3-30 days, the municipalities of 
Kos, Kalymnos and Lipsi will have to collect and store the waste in specially 
constructed areas, in this case landfills. Given that dumps are illegal in Greece and 
that sanitary landfills (XYTA) already own and preserve infrastructure for this 
purpose, the optimal solution would be to take advantage of these regions and store 
the resources there temporarily. [108] 
 
Table 15: Business – plan format. 
COLLECTION POLICY 
         Method 
Frequency of waste 
collection 
7 Days/week 7 
    Percent   
Composition 
of waste 
Recyclable  Yes 59% 
Organic 
waste 
Yes 29% 
Other  Yes 12 
Usable waste 60.000 tons Percentage 84 
Collection 
and storage 
period 
3-30 days Cost 190.000 euros 
Fee per tone 1,05 e/tone 
Local 
currency 
euro 
Transfer rate 2000 per transfer Cost 72000 
Municipal 
collection 
policy (per 
city) 
Door - to -
door 
method 
Yes non eligible 
Dump Yes non eligible 
privately Yes non eligible 
Other  Temporary storage 190.000 euros 
Public initiatives relevant to the plan       Institution 
City District Yes   
Island Population 
Annual 
waste 
(tons per 
year) 
Composition 
  
Rhodes 117.007 99.954 59% usable XYTA 
Kos 30.047 38.442 59% usable XYTA 
Kalymnos 16.719 7.726 unknown DUMP 
Lipsi 790 480 unknown XYTA 
Collection / 
storage 
method 
Service Destination  
Average 
distance to 
the unit 
  
Μunicipality 
Garbage 
collection 
Rhodes   0,1 - 30 km 
Heavy 
machinery 
Μunicipality 
Garbage 
collection 
Kos-Rhodes 167 km 
Heavy 
machinery + 
shipment 
Private 
company 
- 
Kalymnos-
Rhodes 
198 km Shipment 
Μunicipality 
Garbage 
collection  
Lipsi-
Rhodes 
~276 km Shipment 
 
 
Explaining the figures in the plan given above, the shipment cost is estimated as such: 
The waste will be transferred on a monthly basis, so twelve (12) routes will be made 
from each island annually. 
Since the factory will be built in Rhodes, there will be no cost of shipment from 
Rhodes to the units. 
Also, the costs are meant to include staff, fuel, cost of insurance etc. 
For a maximum of 2.000 euro per route, on an annual basis, then, the cost will be: 
Shipment cost = 2.000 * 12 * 3 = 72.000 euros 
 
Below there are some pictures of the units in Europe that have the infrastructure to 
recover energy from waste. 
 (Source): Waste to energy facility in Frankfurt (Germany) 
 
Picture 6: Unit for the energy recovery of household waste in the city of Frankfurt 
 
Picture 7: Power Plant Factory of Domestic Waste in Vienna / Austria. 
 (Source): Spittelau Waste to Energy Facility (WTEE) 
 
 
Picture 8: Waste to energy plant Isséane-Paris. 
 (Source) Isséane-Paris- plant, 2008 
 
 
Picture 9: Waste Power Plant in Budapest 
 (Source) Budapest incineration Plant
6 Conclusions 
MSW is a serious issue that disgraces and will disgrace our country if we do not find 
a sustainable solution not only for humanity but also for the environment. Greece 
needs to sprint in order to meet the 50 % target of the Waste Framework Directive by 
2020 while the bulk of waste remains in landfills. Unfortunately, there is no tax for 
landfilling in Greece and the management of MSW is defrayed by a municipal fee 
(EIB, 2010) that is why uncontrolled deposition of MSW in landfills without any prior 
treatment still continuous to exist and pollute the air, soil and underwater streams. 
Lately, there is a tendency to find a sustainable environmental solution and treat waste 
as an alternative renewable energy source. Already, in Europe, 520 WtE plants are in 
function and a million tons of wastes are treated properly according to the particular 
Directives of waste management, waste reduction, energy recovery from RES and 
emission reduction. The WtE facilities are operating like a regular power plant and the 
only difference is the fuel which is the MSW. On the other hand, WtE facilities have 
not been implemented yet in Greece and Uncontrolled Waste Disposal Sites are still 
in function while huge fines are imposed for not following the EU Directives. 
Municipal waste management in Greece (EEA)  
Actually, the WtE plants are operating with waste as a fuel or a combination of waste 
and forest residues, woodchips, and agricultural energy plants. The process is the 
biomass combustion which combines cogeneration both heat and power energy is 
exploited. There are numerous combustion technologies, the most appropriate in our 
case being the Fluidized Bed Boiler due to the fact that the MSW that handled has 
high ash, moisture content and low heating value fuel. 
The temperatures that fluidized bed boiler function ranges from 800°C to 950°C at the 
same time the capacity of ranges among 20MW and 100MW. 
The purpose of this particular dissertation was, to examine the possibility of 
constructing a CHP facility in Rhodes with MSW of Rhodes, Kalymnos, Kos and 
Lipsi providing a techno-economic assessment in order to determine its feasibility.  
Regarding the most suitable choice of the case study, one must consider what we want 
to cover the needs of the specific region that we are examining. In both cases, we 
should cover the electricity needs as the cold months are limited in the island regions.  
Summing up the economic analysis, CHP method of treating waste as a fuel 
undoubtedly has a fairly high initial cost of application, which is analyzed in the cost 
of construction, operation and maintenance with total investment cost 3.526.000 euros 
and the transportation of the other three islands is 72.000 annually. Building a new 
unit in Rhodes will lead to a temporary increase of cost as new machinery, buildings 
and land have to be purchased, however, on the long term, and there will be a 
reduction of pollution and added benefit due to the profit made by the electricity 
produced. 
 As a long term plan is feasible because the company will have to use 30% of its own 
capitals, 20% capital from state subsidy and 50% capital from the EU funds. 
According to national reports presented at the last conference of CEWEP 
(Confederation of Waste-to-Energy Plants) in Vienna in May 2006, the use of SMPs 
for power generation, either electrical or thermal, is already significant at a cost of the 
same magnitude as sanitary landfilling. 
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